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WEB TRACKING APPARATUS

CROSS REFERENCE TO RELATED
| APPL[CATIONS

Reference is hereby made to commonly assigned and
copending U.S. Pat. application'Ser. No. 504,777, enti-
tled WEB SUPPORT WITH CASTERED AND GIM-
BALLED ROLLER, filed on even date herewith in the
name of John Edwin Morse. Reference is also made to
commonly assigned and copending U.S. Pat. applica-
tion Ser. No. 504,778, entitled POSITIONALLY CON-
STRAINING WEB SUPPORT, filed on even date here-
with in the names of Thaddeus Swanke and Rlchard
Thomas O’Marra.

'BACKGROUND OF THE INVENTION

1. Field of the Invention- -

This invention relates generally to a web tracking
apparatus, and more specifically to the tracking of a
flexible web moving in a closed loop path defined by
two or more hard surface cylindrical supports.

2. Description of the Prior Art |
- A web ‘tracking apparatus for tracking a flexible,
unidirectionally moving web in a closed loop path on
hard surface, cylindrical web supports comprise basi-
cally two types of web supports if defined in terms of
function rather than structure. That is, as the moving
web approaches a web support, the entering web
“sees’’ the support, relative to a fixed frame, either as
(1) a laterally constraining support, or (2) a laterally
non constrammg support. A laterally constraining sup-
port may be further subdivided into (a) an angular
lateral constraint in which the entering web is con-
strained against changing its lateral position relative to
the frame éxcept as its angular position changes rela-
‘tive to the fixed frame, and (b) a pOSItlonal lateral
constraint in which the entermg web is constrained
against changing its spatlal lateral position relative to
~ the frame, while remaining free to change its angular
position. The web entering a non constraining support,
on the other hand, is free to change either its angular or
1ts spatial lateral position relative to the frame without
-experiencing substantial lateral forces. _

Whether a particular web support is a. laterally con-
straining or laterally non ‘constraining support depends
as much on its function in the tracking apparatus as on
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ally non constraining, dlthough qtructurdlly an angular
lateral constraint.
Although the above- noted variables upon which

tracking depend are usually parameters which are gov-
erned by the design of the web tracking apparatus,
some generalities can be stated that cover a significant

number of situations. Thus, for a flexible closed loop

web supported by hard surface cylindrical supports, the
upstream web-span to web-width ratio should be some-
what equal to or greater than one, and the wrap angle
should range between aproximately 30° and 133°, de-
pending on the coefficient of friction of the surfaces in
contact, and on web tension. If otherwise, the web
could be prevented from tracking, either because of
not enough, or too much contact with the web support.
To facilitate the discussion to follow, it will be conve-
nient to refer to a laterally non constraining support, as
defined above, as an ““N”’ support, and to refer to a
laterally constraining support as a “P’’ support if it 1s
functionally a positional lateral constraint as defined
above, and as an “A” support if it is functionally an
angular lateral constraint, also as defined above.
- In designing a closed loop web tracking apparatus of

‘the type discussed above, one of the primary consider-

ations of the design is lateral stability of the moving

“web. Generally, stability of the moving web 1s achieved

if the tracking apparatus has at least two laterally con-
stramning supports, at least one of which is further re-
stricted to be a P support; the remaining web supports,
if any, 1n the tracking apparatus can be either laterally
constraining -supports (P or A) or non. constraining
supports (N) as dictated by design considerations.
Although the stability priiciple stated above will
ensure stability of the moving web, it does not, without
more, ensure uniformity of tension in the moving web.
Nonuniformity in tension ordinarily results from imper-
fections in the manufacture of webs and web supports,
and from the lack of perfect parallelism in the longitu-
dinal axes of the mounted web supports. It follows that
if manufacturing tolerances are minimized and the

supports are mounted with a high degree of parallelism,

~a degree of uniformity of tension will be achieved.

However, such considerations are independent of the

- stability principle.

45

its structure. For example a fixed axis, rotating, cylln— |

drlcal roller, such as an idler roller or a drive roller in
- a tracking apparatus, is structurally an angular lateral
constraint capable of constraining the moving web
against change in its lateral position. To perform as an

angular lateral constraint, the entering web has to be

capable of tracking on the rotating cylindrical surface

until the moving web and the rotating. surface are in

“alignment; i.e., until the longitudinal axis of the rotating
surface is perpendicular to the direction of travel of the
web. This tracking phenomenon i1s due to frictional

forces developed between the moving web and the

rotating surface, which in turn are a function of, among
other variables, wrap angle, web tension, and the up-
stream web-span to web-width ratio. Thus, if the wrap

angle, for example, 1s insufficient to create the fric-.

‘tional forces necessary for tracking, the entering web is
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free to change 1ts angular position and/or .its lateral

spatial position, w1th0ut experiencing substantial lat-
eral forces resulting in a web support that is function-

If a high degree of umformlty of tension of the web 1S
a requisite of the tracking apparatus design, it can be.
achieved with little regard to manufacturing or mount-
ing tolerances by conforming the web tracking appara-
tus to what will be referred to as the uniformity of
tension principle. This second web tracking principle
dictates that the moving web exiting from a first later-
ally constraining support must be given freedom, once
and only once, to change direction before entering a
second laterally constraining support. This freedom is
given to the exiting web by “gimballing’’ the first web
support; t.e., by mounting the first web support for

“pivotal movement about a gimbal axis which is parallel

to the direction of linear movement of the entering
web, and which intersects the longitudinal axis of the
support at the midpoint of the support. If for design
considerations it is impracticable to gimbal the first
constraining web support, e.g., if it is a drive roller, the
uniformity of tenston principle can be met by gimbal-
ling a non constraining web support mounted between
the two constraining web supports. .
"The gimbal action of the web support, i.e., the capa-

bility of the exiting web to.change_dlrectum enables.
 the exiting web to compensate for non uniformity of
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tension of the web in the ‘downstream web span. The

~ resultant force of the non uniform tension across the

- exiting web is at some perpendicular distance from the

centerline of the moving web; the component of that

- resultant force which is perpendicular to the gimbal

“axis creates a moment about the gimbal axis which .
- varies with the sine of the wrap angle, since the magni-

tude- of the force component perpendicular to the gim-
~ bal axis varies with the sine of the wrap angle. For
e example for wrap angles approachmg zero or 180° the -
magnitude of the force cornponent approaches zero
-+ and therefore, the exiting web is not free to change:
| dlrectlon
o Itis clear from the above relationshlp that the: magm-—._.; --
tude of the force component perpendicular to the gim-
- bal axis is greatest for a wrap angle of 90°; moreover, as
 the wrap angle increases appreciably from 180° the -
| .exmng web behaves as if the wrap angle were apprecra- |

~ bly greater than zero. While the gimbal action may not -

" be. ‘appreciably. inhibited by large wrap angles (e.g.,
. those appreciably less than 180° and especially those
_appreelably greater than 180°), such large wrap angles

20

‘may inhibit the tracking action of a web support,
"_thereby posmbly producmg an unstable traeklng appa-_.

| ratus.

25

) The ‘once and only once’ re’qulrement of the uni-
formlty of tension principle can be illustrated by theo- .

- rizing a tracking apparatus in which the web exiting.
. from a'P or A support encounters two N supports be- .
. fore entering a second laterally constraining support..

The “‘once and only once’ requirement provides that

| only one of the three supports e€ncountered by the -
~moving web before reaching the second constraining

~ web support (the first laterally- constraining P or A
- support, the first N support, or the'second N support,)

~ be gimballed; the other two must prevent the exiting

web from chariging direction. For reasons noted above,

- gimballing one of the supports provides uniformity of -

- tension in the downstream web without affecting lateral

- stability. However, if more than one support is gim-
balled before the web enters ' a second lateral con-

30

10+

15

3,974,952

*

wrthstandmg the wolatron of the once and only once L
principle outlined above In'suchan apparatus gimbal-

ling the two supports would not provide the necessary -
gimballing action since the wrap angle of one or both -
laterally constraining supports: would be; in practice,
“about 180°. The introduction of addltlonal supports to -

a closed loop web-tracking apparatus; however; elimi- =~
 nates the technical and practical problems discussed -
above if the combination of supports conforms to the
two. tracklng principles outlined above, and their locau':___- -
- tion- relative to each other:is such that the respective
wrap angles the moving web makes with the three or.
more supports are WIthm the hmits prevrously dls---j
cussed. . | | R N ..
Strueturally, _the art dlseloses a varrety of deIdual SR
- web supports which are the functional equivalent of the’:™
~ basic supports outlined above. For example, the art
discloses laterally constraining supports of the P type.
which can be- placed in two categorles (I) ‘active” P
supports, and -(2) ‘passive’’ P supports.. The' active
~ category includes servo controlled steermg rollers in -
which lateral position of the web is maintained by an

external meehanlsm which senses the mlsalrgnment ef
the web and trlggers a compensating: mechanism. to

return the moving web to its aligned. position. The ex- -
‘ternal sensing mechanism can be. mechanical, electri-
cal, or pneumatic and generally has the economic-dis-
advantage of being complex - and expenswe There: is -

~ also the added practical disadvantage of lateral web
osc1llat1on however tolerable, between the allgned andi o

~the sensed misaligned pos1t1on

33

~ The passive category of P supports 1neludes eastered----, .
. and- glmballed rollers” having edge guides whlch are .
- fixed in a predetermined position relative to a fixed
frame, and are fixed a distance apart. wh1eh corre-

- sponds. substantlally to the width of the moving web.

Hence, the edge guides fix the lateral spatlal posrtlon of B .
‘the moving web at the roller. | e
Non constraining N type supports drselosed by the art :
include low friction cylindrical non rotating surfaces,
axially comphant rollers, . as well as cylrndrleal rollers -~ =
mounted for pivotal movement about a eastermg axis.. -

40

straint, the lateral position of the web at the second and -

any subsequent non constraining gimballed supports,
- becomes unstable and indeterminate. The result could .

~ be lateral instability of the web span- between the first

. gimballed support and the second constralmng web -
. support, and possible-edge damage to the moving web

L

" due to such instability. Thus, the “once and only once’

requirement ensures lateral stablllty in the moving web.
~when N supports are utilized in a tracklng apparatus

_' _3: '__whlle provldmg unlformlty of tension.

. Theoretically, the above prlncrples would not - be
- violated by a two-support, closed loop web trackmg o
:'-."ﬁppdfatllb However, ‘technical problems such as the :
55.

R glmballmg of a drive roller to meet the ‘“‘once and only 55 roller the reller ahgns 1tself to the movmg web thereby.!___'___..'

- once” requirement, and wrap angle considerations
upon: Wl’llCl’l the gimballing action depends, as well as.
'-jpraetlcal problems such as utlllty for such a two-sup- -

. port apparatus, could make such an apparatus com-

- mercially unattractive. On the other hand, if uniformity

of tension in the web is not crucial in the design of the -
tracking apparatus, a tracking apparatus eompnsmg;

- which is perpendicular to the plane of the- enterlng web
o andwh_leh intersects the centerline of the moving web
43 at an upstream location, such as that disclosed in co-

" pending application Ser. No. 504,777.. The non con- ~

- straining action of -a castered roller:is dependent upon
~ the tracking phenomenon discussed above in connec- _
-tion'with a fixed axis, angularly constrammg roller; and
1S dependent upon the same variables (1:e:; wrap: angle o
~ etc:). In the case of the angular laterally eonstralnlng_.-----:*_::_‘:-
E 'support the web allgns itself perpendleular to the fixed: -
~axis, and -thereby its lateral position- becomes: fixed.

“However, in the case of the non constramrng castered
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two latera]ly constraining supports, at least one of

which is a P support in conformance with the stability -
_principle outlined above, will provide a laterally stable

web tracking apparatus. A measure of uniformity of

65

tension in the web will be maintained if manufacturing .

“and mounting tolerances are kept at a minimum, not-

Spatlal lateral posmon

‘The art discloses closed loop web traeklng apparatus
of hard -surface cylindrical rollers supporting flexible
moving webs. Such tracking apparatus depend onservo
- controlled - steering: rollers: to provide the necessary -
lateral control of the moving web and, as such, may be
called active web tracking apparatus. Besides the servo -
controlled P support, these unidirectional devices also -
include a drive roller by which longitudinal movement

in the closed loop path is imparted to the closed loop
‘web, and which constrains the moving web angularly
against change-in its lateral position. It is seen, then,




3,974,952

S

that active tracking apparatus can conform to the sta-
bility principle of web trdekmg As- prewously noted,
however, these devices have economic and practleal
disadvantages. Such disadvantages can be overcome by
a passive P support, which, as used herein, is defined as
an apparatus free of mrsahgnment sensing and compen-
sating meehdnlsms such as a SErvo controlled steering
roller. |

Aecordmgly, it 1S an object of the mventlon to pro-
vide a web tracking system for the accurate tracking of
a flexible, closed-loop web that is mechanically simple
and rehable, and independent of external misalignment
sensing mechanisms. o |

It is another object of the invention to prov:de a web
tracking system wherein the tension distribution in.the
closed-loop web 1s uniform and the movrng web 1S posi-
‘tionally stable. | |

It is a further object of the invention to provide a web
tracking apparatus that is self compensating for varia-
tions in web dimensions and stiffness, and parallelism
tolerdnces in the longltudmal axes of the web supports

SUMMAR_Y OF THE INVENTION -.

- 6 _
'BRIEF DESCRIPTION OF THE DRAWINGS
~ In the detailed description of the preferred embodi-

~ ment of the. invention presented below, reference is

10

made to the accompanying drawings in which:
FIG. 1 is an isometric view of a web tracking appara-
tus embodying the present invention, showing a pas-

sive, positionally constraining web support; an angu-

larly constraining web support and a non constraining
web support |
FIG. 2 is an isometric view of the subframe of the
web tracking apparatus shown in FIG. 1; |
FIG. 3 is an enlarged, isometric, partly cut-away view

- of the passive positionally constraining web support

15

25

These objects are accomplished by the present inven-
tion by providing a passwe web traekmg apparatus for
a flexible, closed loop web moving in a path defined by
two, or more cylindrical, hard surface supports
mounted on a fixed frame with substantla]ly parallel
longitudinal axes which are substantlally perpendicular
to a plane passing through the respective midpoints of
the supports. The tracking apparatus. includes at least
two laterally constraining web supports for imparting
~ lateral stability to the moving web, at least one of the
web .supports being a positionally constraining web
support. The positionally constraining support includes

edge .guides which are mounted in a predetermined.

spatial relation to the frame and have spaced opposed
web engaging portions which are fixed a distance apart
- which corresponds substantially to the width of the web
and which engage the edges of the web. A web support-
ing surface located between the web engaging portions
is'mounted to present substantially no resistance to
lateral movement of the entering web.

In one embodiment of the invention, the web track-
ing apparatus includes two laterally constraining web
supports, one of which is a passive ‘positional con-
straint, the other of which is a drive roller, and one non
constraining web support The posrtlona] lateral con-
straint, located upstream from the drive roller, includes

30

35

shown in FIG. 15
FIG. 3a is a cross-section, fragmentary view of the
web support shown in FIG. 3; | .
FIG. 4 is a plan, partly cut-away view of the non
constraining web support of FIG. 1 taken along lines
4—4, showing the tension mechanism of the web track-—

Ing apparatus;

FIG. da is a side view of the FIG. 4 taken along lines
4a—4a showing the flexure arm of the non constraining
web support; | |

FIG. 4b 1s a side view of FI1G. 4 taken along lines
4b—4b showing guiding slots in the back plate of the
subframe; |

FIG. 5 is an isometric view of another embodiment of
the invention showing the addition of a fourth web
support to the tracking apparatus shown in FIG. 1;

FIG. 6 is an enlarged, fragmentary, isometric view of
the additional web support shown in FIG. § also show-
ing a sprocket wheel on one side of the web support;

" FIG. 6a is a fragmentary, cross-sectional view:of the
additional web shown in FIG. 5, showing the relation-

- ship between the web support and the sprocket wheel;

40
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a castered and gimballed roller with annular flanges

mounted a fixed distance apart and in a predetermined
spatial relation to a fixed frame, the fixed distance

between the flanges corresponding substantially to the
width of the web. The non constraining web support,

located downstream from.the drive roller, includes a

castered and- gimballed, spring biased roller for later-
ally decoupling the web exiting .from the upstream

angular constraint (the drive roller) so that the web
exiting from the non constraining support is iree to

change direction, thereby prowdmg umform tensron in

the web span. |
The invention and its objects and advantages will
become more apparent in the detalled description of

the preferred embodiments presented below.

35
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FIG. 7 is a plan view of another embodiment of the
invention in which additional web supports have been
included in the web tracking apparatus of FIG. 1, show-
ing a'photoconduetive web moving through a plurality
of work stattons in which an electrophotographle pro-
cess 1s implemented. S

DESCRIPTION OF THE PREFERRED
| EMBODIMENT

- Referring now to the drawings wherein like reference
numerals have been used in the several views and fig-
ures for like elements, FIG. 1 illustrates a subframe 61
made up of a back plate 60, a front plate 70 and a
rectangular connecting member 65. Mounted on the

subfame are two laterally constraining web supports,

one of which is a passive positionally constraining web
support 20, i.e., a P support, the other of which is an
angularly constraining web support 30, i.e., an A sup-
port, and a non constraining web support 40, 1.e., an N
support. The surfaces of web supports 20, 30 and 40
define a closed-loop path for web W moving in the

- direction indicated by arrow 185. Subframe 61 1s

mounted on the main machine frame 80 by bolts 62.
As seen more clearly in FIGS. 1 and 2, web support
20 is mounted on cantilever beam 22 which is bolted
onto back plate 60. Turning to FIGS. 3 and 3a, it is seen
that cylindrical roller 24 is a hollow tube having con-
nected at each of its two ends; by pins 16, an inner
sleeve 17, which, in turn, is fixedly mounted to the
outer rmg of roller bearing 18 by retaining rings 14.
The Inner ring of bearing 18 is fixed to shaft 25 by
retaining rings 12. Shaft 25 is connected to one end of




- _:mg web W in FIG. 3, and intersect unstream of web
S '.s'-=supp0rt 20. The 1nterseetlon of centerlins 92 dafine the

_ “aligning itself so that its axis of rotation 23'is perpendlc--";- -

-_ﬁ'f_”-mdlcated by arrow 15. Hence,-roller 24 presents no -
. resistance to lateral movement of web W. ‘The lateral 30 end ofﬂ xuse-ar 140 is screw d t th outer . rf T
"'""':'*'f'_"i"'Posmon of flanges 26, on the other hand, remains fixed e E arm. 3 serewed.i the.e LA

~ relative to back plate 60 (and, of S L
relative to back plate (and, of course, relative. to .. bend lme 144 (seen more elearly in FlG 4a) which s

W Slnce roller 24 offers no. lateral resrstanee to the"'_.:_'.j..
~ entering web, and gimbal axis 95 enables the exiting 40
| "__-_web to change d:reetlon no EXCESS forees develop on

"~ occur as long as the angles of the entermg and exmng

f_....other and to the machine frame 80, and (2) a web
- supporting cylindrical surface which. presents substan-i;..:_:.S_Q.;-..,=
o '_'tlally no resistance to the entermg web. Clearly, there

7

B slde flexure members 27 the other end of memb """ rs 27 -
. are frxedly mounted to- pwoting bar 28 whrch pwots_";rxz.:.
- about gimbal axis 95 at pin 29. Gimbal axis 95 is paral-

lel'to the entering web W. Flexure members 27 are

,mounted at an angle such that their respective center- 5

~ lines 92 lie in a plane parallel to the plane of the enter- - -

castering axis 90, perpendlcular to the plane of ihe

-; .__ax1al and rotatlonal movement from roller 24 The-};iﬁ

~ levered member 19, to reduce friction at the point of 20
~contact between rotating wheels. 21 .and- rotating

- flanges 26. The other end of member 19 1S ﬁxedly
- -mounted¢ to-cantilevered beam 22.- IR

It is clear from the foregoing and FIGS 3 and 3a that

roller 24 does not laterally constrain (either position-- 25

~ally or angularly) entering web W since it is capable of

- ular to the direction of travel of entering web W as

main machme frame 80). Thus for small pivoting
movement of roller 24 about castermg axis 90 and

:_-or exrtmg web may change. It is seen, then that ﬂanges

.....

~ webs are within the tolerances of the. castermg and.---

""-i"jfeatures of web support 20 are (1) the opposed flanges
- mounted in a predetermined spatial relation to each

are numerous ways in accordance with the invention by

~ which these features can be accomplished. For exam-
- ple;rathér-than a-castered roller suchas 2.4 an aslally;-e:'j‘"-'

_compllant roller could be utlllzed since such a rol]er--_55

~would present no lateral resistance to the entering web .
- W ‘Similarly, flanges, pins or other types of edge guides
- could be ﬁxed relative to the machine frame in numer- -

..ous :ways.. For.a more thorough descrlptlon of a-non -

S -:ﬁ':..:constrarnmg web-engagmg roller for a passive position- 60
- ally constraining web suppeort; see copendmg appllea- |

- tions Ser. No. 504,777 and 504,778.
. Returning now to FIG. 1, web- support 30 is a ﬁxed

- *?"'?'3'-'-'?’5‘3--axrs roller journalled for: rotatlonal movemernt on shaft -

B stralnlng web support web support 30 also drives wela--s '.
W about the path defined by supports 20 30 and 40.

......

“The driving power is applied by a motor M-and trans- -

mitted. to-the- eylmdrlea] drive. roller 30 through drwe;-_;:-,?--;
belt.34 and pulleys 35-and 36. Of course, motor M i

fixedly mounted to rnachlne frame 80. e
As noted earlier, web support 40 is an N type web i

“support. Since it is also mounted for pivotal movement
~about a glmbal axis perpendlcular to the entering web,

the ex1t1ng web is free to change direction. As dlscussed“_.

= - earller an N support has many func:tlonal equwalents o
.oy entering: web. W, -about which- shaft 25 and the rota-; AU |

 tionally mounted roller 24, pivot.
© . Annular flanges 26 have a cylmdrrcal part’ 4 Wth]’]-._;_
. has an outside diameter equal to that of roller 24. The

| -"."."ﬂanges are. mounted ‘on sleeves 17 for- mdependent?r-f""'

---web is- not laterally eonstralned erther posmonally or_
| ln the preferred embodlment the non eonstralnmgz.-_-”-_-
- feature is achieved by mountmg aroller 44 for pivotal =

ballbearlng 120 ﬁxedly Journalled on a llnear motlon '-

ballbushing 122. Another suitable arrangement. not = ..
- shown.could use a roller bearing. and. flexure disk. Thus,
roller 44 is capable of both linear movement along
‘shaft 124, which is carried by yoke 125, and pivotal =
moverient about its. mrdpomt Flexure arm 140 limits
the movement of roller 44 to pivotal movement.about .
* a castering axis 100 and a gimbal axis 105. One of end
- of flexure arm 140 is mounted to extension 126 of yoke ..
125 for three degrees of pwotal movement. The other

perpendlcular to the entering web and intersects axis of

bearing 150 and. flexure arm 140 at one end of roller

posrtion bemg deﬁned as the posrtlon whereln axis of

- 44, eounterwe1ght 160 1s added to the opposite end SO PR
- that the roller-is statically - and dynamlcally balanced . -
- “about its midpoint. Note that the center bores through 5 =
bearing 150 and through counterwerght 160 is larger |
.than the.-diameter. of shaft 124 to facilitate plvotmg-
. _movement of roller'44 about axes 100 and 105 o
" It'is clear from the foregoing and FIGS. 1 thru 4b T

~ that, relative to yoke 125, roller 44 is eapable of pwotal;;:: o

- gn:nbal]tng action of the roller. . | '45_:-:_mevement about castermg XmS 100 and glmbal ax:s::j- '

It should .be .noted at this polnt that- the srgnlfieantr-g;___}_.?.;-;____'__

_rotatron 128 is coincident with the axis of shaft 124 as .' B
- --___shown in FIG 4) Yoke 125 is Sprrnﬂ blased agamst.’f-"

ably. mounted to back plate 60 of subframe 61 by rivets

44) will slide only in one direction, extensions of shaft

124 protrude through plates 60 and 70- and slide In-

respective slots: 130 in the plates as. shown more clearly- :

°~_movement about.a eastermg axis perpendieular tothe
plane of thé entermg ‘web-and Tocated- upstream of the =
- roller, and about a glmbal axis parallel to -the enterlng

.:_5- .-_web W Thts ls more elearly seen rn FIG 4 Reller 44 IS;:--;_-; R
S mounted for rotatlonal movement on one end of eantr-—;‘ S S R

127 :which extend through slot 129 of back plate 60. To :
-further insure that yoke 125-(and- consequently roller—

f.*::?“--_:ﬁ-=-35?;='.s-rfér-glmbal axis 985, the later al position of the web at roll er:.;_:_:_;g_asa-;_;agrotatlen 12& To.offset: the ..... added welght of. outboard;;_;_;g

24 remains fixed even though the angle of the entering

sion between bar 135 and yoke 125 Yoke 125 is slld;" e

- in FIG. 2. Sprmg 137 applles the reqmred tension. on
-~ the-m ovmg web when lever.arm 13S is.in; the lock |

posmon as shown in FIG. 1. To. remove tensiononthe - . . .-

web and achieve sufficient slack in the closed-loop web B

assembly 40 not only aets as a non constrammg roller

~ to remove it from the web supports, lever arm 135 is -

- placed in the unlocked position by releasing the locking = i
Rl - mechanism 41 ' and permitting the lever-to-slide-along =~~~ .
32 which is supported by front and back plates 70 and 65 slot 42 on front plate 70 (see FIGS. 1 and 2). Thus, web

60, respectively. Besides serving as an angularly con- -
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path, and as the means for removing tension during
replacement of the web.

In operation, the moving web entering web support

20 (a P support) is laterally constrained by flanges 26.
Since roller 24 of web support 20 i1s capable of pivotal

movement about castering axis 90 (FIG. 3) without

disturbing the lateral position of flanges 26, the cylin-

drical roller 24 offers the entering web no resistance to
lateral movement. Such resistance 1f encountered,
would tend to produce non uniformities in web tension.

As the web exits from web support 20, it is free to
pivot about gimbal axis 95. Since gimbal axis 95 is
parallel to the entering web, pivoting of the roller about
the gimbal axis to accommodate a condition in the
‘exiting web will not disturb the position of the entering
web; 1.e., the direction of movement of the entering
‘web remains perpendicular to the axis of rotation 23 of
roller 24 during pivotal movement of roller 24 about
gimbal axis 95. Thus the exiting web can change direc-
tion without disturbing the lateral position of the up-
stream web.

As the web exiting from-—web support 20 approaches
fixed axis drive roller 30, (a laterally constraining web
support of the A type) its angular position is fixed by
fixed axis roller 30 since the entering web will align
itself so that its direction of travel is perpendicular to
the axis of rotation of roller 30. It should be noted that
if the axis of rotation of roller 30 is askew relative to the

10

15

20

23

‘axis of rotation of web support 20, the gimbal axis 95 of 3¢

web support 20 will enable the web to change its direc-

tion until the web tracks into alignment with roller 30.
‘This feature of the invention permits looser tolerances

in the parallelism of the mounted web supports..It is.

also noted that the wrap angle is about 120° and the
‘surface of the roller 30 is hard rubber, to develop suffi-
cient friction between the web and the roller to pro-
mote tracking and to drive the web about the supports.

Since . roller 30 has a fixed axis, the exiting web is
constrained against changing direction. It is clear that
to comply with the web tracking principles discussed
above, the web exiting from the angular constraint 30
must be angularly decoupled once and only once be-
fore entering positional constraint 20. This becomes a
requirement of the web tracking apparatus if uniform-
ity of tension is important; it is not a requirement for
lateral stability of the moving web since stability can be
achieved without gimballing any of the web supports.
As noted earlier, however, defiance of the ‘‘once and
‘only once” rule can result in non uniformity of tension,
‘possible edge damage, possible wrinkles, etc., although
these undesirable effects can be minimized, for exam-
ple, by increasing the precision in the parallelism of the
mounted web supports and decreasing the manufactur-
ing tolerances of the web and web support. Such alter-
natives, however, tend to be expensive in terms of eco-
nomics, quality, and reliability of the final product.

The “*once and only once”’ rule of the uniformity of

tension prmc:ple is fulfilled by non constraining web
support 40, which is also the tension roller of the appa-

ratus. The web exiting from fixed axis roller 30, and.

approaching non constraining web support 40, does not

- see roller 44 as a lateral constraint since the rcller 44

will pivot about castering axis. 100 to remain in align-

35

40 -

45

10

By gimballing non constraining web support 40 about
gimbal axis 105, the exiting web is free to change direc-
tion, thereby angularly decoupling the web exiting from
fixed axis roller 30; i.e., the exiting web 1s free to
change direction to meet flanged web support 20 at
whatever angle and lateral position it 1s relative to non
constraining web support 40. It should be noted that
the surface of roller 44 i1s polished aluminum and the
wrap angle of the web about roller 44 1s approximately
120°, which is in proper range for tracking and for
gimballing. Since it i1s an N type roller, lateral shppage
between the roller and the web will not be detrimental
to its function since it is its function to present no lat-
eral resistance to the entering web.

It is seen from the foregoing that the apparatus shown
in FIG. 1 could be used for tracking many different
kinds of flexible web but is particularly useful for track-
ing a photoconductive web in a xerographic copying
apparatus (where tracking accuracy is essential without
recourse to servo-steering mechanisms, without dam-
age to the edges, and with uniformity of tension in the
web. Moreover, once the web begins to move in the
path defined by supports, it will remain aligned in-
deﬁnitely, with substantially no lateral deviation oc-
curing in the centerline p051t10n of the web, cycle tc
cycle.

It should be noted that it is a feature of the invention
that a passive positional laterally constraining web sup-
port, such as support 20, in combination with any other
type of constraining web supports, will produce a later-
ally stable web tracking apparatus. Moreover, if all the
web supports are mounted substantially in parallel, a
measure of uniformity of tension is also achieved. How-
ever, for best results, the web support chosen in combi-
nation with flanged pcs:tlonally ccnstrammg web sup-

port 20 should follow the principles set out above.

In keeping with such principles, a fourth web support
may be added to the tracking apparatus as shown 1_n
another embodiment illustrated in FIG. §. A compari-
son of FIGS. 1 and 5 will reveal that the two devices are |
identical except for the fourth web support 50 in the
apparatus of FIG. 5, more clearly seen in FIG. 6. Web
support 50 comprises a fixed axis roller 54 journalled
on fixed shaft 55 which is ﬁxedly mounted on cantile-

“ver beam 56. Cantilever beam 56 is bolted to back

plate 60’ which, in turn, is bolted to machine frame 80’.

~ As seen more clearly in FIGS. 6 and 6a, sprocket wheel

50

51 is journalled on a ball bearmg which is fixedly
mounted onto sleeve bearing 52. Thus, 1t 1s seen that
sprocket wheel 31 is capable of independent rotational

- and axial movement relative to fixed axis roller 54.

55

60

The surface of roller 54 is, for example, polished

aluminum, and the wrap angle the web makes with the
roller is approximately 30°. Ordinarily, this wrap angle

~would be sufficient for the phenomenon of tracking to

take place and the roller would be a laterally constrain-
ing support of the A type. If so, the exiting web would
have to be angularly decoupled by gimballing the roller

for pivotal movement about an axis parallel to the en-

tering web. Since it is a fixed axis roller, the exiting web

~ does not have freedom to change direction. Thus, it
~ conforms to ‘the web ‘tracking principles discussed

ment with the entering web. Thus the axis of rotat:cn of 6>

fixed axis roller 30 need be only ° substantlally ‘parallel

to the axis of rotation of roller 44 when at nominal

position, the degree of parallelism depending on the
- castering action of roller 44.

abcve o "

The Sprocket wheel 51, which 1s decoupled from
roller 54 and places very little drag on the tracking
apparatus, engages the perforations 13 on the side of
photoconductive web W and enables one to synchro-
nize the various operations within the xerographic ap-
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' _'-'Paratua with web pmltlon S0 that for - example thetf

a phot()u)nduc..twe web is not exposed at a splice.

It 1s clear that any number of web supperts may be
~used in the web tracking apparatus, and more than

three- web supports may be desirable in a. xeregraphrc

~apparatus where . the. photoconductive - web moves

through a plurality of stations such as exposure, devel-

oping, transfer, cleaning and charging stations, see FIG.
7. For example, in the embodiment shown in FIG. 7,in

.dddltl()n to:the feur web supports-shown in- FIG. 2,

10

there 1s a cleaning station back-up roller 110, a qtabl-' .

lizer roller 115 and three: ganged back-up rollers 118

- rollers can pivot.about an upstream castering axis per-
- pendicular to the entering web. Thus, ganged back-up

“rollers 118 are non constraining N type rollers not
- gimballed. Such a mounting for the rollers 118 may be

unneceasary‘, in view of the slight or absent. wrap angle,
In which case they would act as a non constraining
- support even without the blade flexure. The wrap an- -

OPPOSIIe the developing station. The ganged back-up

~ rollers 118 are mounted on blade flexure so.that the
15

gles of the web with fixed axis polished aluminum roll-

“ers 110 and 115 act as non eonatralnlng N type rollers,

- also not glmballed o -
It is seen than that the web supports ef FlG 7 follow

25
- the web tracking principles enumerated above and

o _achreve their lateral stability from the flanged, pesntlon- |

ally constraining web support 20"

~ The invention has been described in. detall wrth par--
“ticular reference to preferred embodiments thereof;, :

| _but it will be understood that variations and modifica-

30

' tions-can be effected wrthrn the SplI‘lt and scope of the

-jnvennon
- We clalm

1. A passwe web tracking apparatus lnc‘ludlng a

frame and web support means mounted on said frame

- for lmparttng lateral stablllty to a flexible web movmg ;-
~ina path, said web support means comprising: L
a first web support disposed at a first location ad_la-- -

‘cent to the path, said first web support rotating in 40

traekmg engagement with the web and constrain-

~ing the lateral pesrtlon of the web at the first. leea-._--

:f”uOn and

a second web support disposed at a second location ©
45

~adjacent to the path and spaced upstream from the

first location for constraining at the second loca--

35

~ tion the lateral spatial position of the web, said
second web support lneludmg a web supporting

| surface which retates In-tracking engagement with
~the web without i 1mp051ng substantial lateral forces
" on the web regardless of the lateral angular posr- !

“tion of the web in said apparatus.

2. A passive web tracking apparatus. including ‘a
: frame and web support -means mounted on said frame. :
for 1mpartmg lateral stability to a flexible closed loop

~ web moving in a closed loop path sa:d web Sllpp()rt_."

- means comprising:

- a cylindrical roller dlspesed at a first lecatlen adja--

“cent to the path and mounted for rotational move- |

ment about a longitudinal axis for angularly con-
- straining the lateral angular position of the meving:_'
- web at the first location, said longitudinal axis

‘being fixed relative to said frame: and

60
- for 1mpart1ng lateral stablllty to a flexible closed loep

20

""":'.'_f::the web at the secend loeatlon and b) a- web sup-;
“porting surface which rotates in tracking engage-
ment with the web and which permits changes in
the lateral .angular position of the web without .-

-* ‘.-'ilmpesmg more than neglrglble lateral ferces on the
“web., - o | | |

3. A passive web ‘tracking appa’ratus ineluding a

frame and web support means mounted on said frame .-
for imparting lateral stability to a flexible closed loop
web moving in a close loep path sard suppert means

comprising: o | | |
‘a member. dlspesed at a ﬁrst location te rotate in

- supporting engagement with the mevmg web wrth- _'

“out gross slipping relative to the moving web, said -

“member- constraining the lateral angular pesmon of

- the web at the first location; and. . =~ |
a web support disposed at a second locatlen spaced ]

along the path from the first location for constrain: .

ing at the second location the lateral spatlal posi-

“tion of the web without constraining substantially
- the lateral. angular pesmon of the web; said web
. support having a) a cylindrical roller mounted to-

rotate in supporting engagement with the web, and

- -for castering movement to align said cylindrical-

~ roller with the web with negllglble resistance, and -

- b) guide means for engaging the edges of the web -
“at said second location to establish a fixed lateral

spatial position of the web. at the second location.

4. Passive. web tracking apparatus mcludmg a frame
and web support means mounted on said frame for
imparting lateral stability.and for main’taining uniform -
tension in a flexible closed loop web movmg m a clesed- |

loep path, said support means comprising:-.

~a first cylindrical roller disposed :at a ﬁrst leeatlen'

adjacent to the path and mounted for rotation sub-

“stantially in non-slipping engagement with the web,

- said first roller supporting the web and determmlng,. -

the lateral angular position of the web at the first-:a
location; and | | | |

~a web support dlSpesed at a 'second. leeatlen spaced#-: |

‘along said path from the first location: for con-.
- straining-at. the second location the lateral spatial

“position of the. web without significantly constrain-
-ing the lateral angular position of the: web, said.web -

support having (a) a second cylindrical roller
mounted (i) for rotating movement in Supp‘erting |
engagement with the web, (ii) for easterlng move-

- substantial resistance to- lateral angular movement
~of the web, and (iii) for gimballing movement to

| '_langularly decouple the web exiting from said web -

exiting web; and (b). edge guide means for engaging

- the edges of the moving web at the second location -

' to establish the spatial lateral p051tlen of the web at
-the second location. -~ L
5. A passive web tracking apparatus 1nelud1ng a
frame and web support means mounted on said frame -

web mevmg 1n a clesed leep path sald support means_l :

N comprlsm g

a web support disposed at a second location spaced |

~-along the path from the first location for constrain-

" ing at the second location the lateral spatial posi-

65

' tion of the web without constraining the lateral

‘angular position of the web, said web support hav-

a -first: web suppert mcludmg ‘a rotatable member':_
disposed at a first location adjacent to the path and -
‘mounted for rotating in supporting - engagement--z |

with the web, said first support constraining lateral -~

_ angular movementlef the web at the first location;

‘ment to-align-itself with the web without i imposing -

‘support to maintain uniformity of- tens:en in the
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a second web support disposed at a second location
adjacent to said path for constraining at the second
location the lateral spatial position of the web with-
out constraining substantially the lateral angular
position of the web, said second web support hav-
ing (a) a second rotatable member mounted. for
rotating in supporting engagement with the web
and for castering to align itself with the web with-
out imposing substantial lateral forces on the web,

5

and (b) edge guide means for engaging the edges of 10

the moving web at the second location to establish -

a fixed spatial lateral position of the web at the
second location; and

a third web support disposed at a third location adja—

cent to said path downstream from the first loca-
tion and upstream from the second location and
including non-constraining means for engaging and
supporting the web at the third position with uni-
formity of tension in the moving web.

6. The invention of claim § wherein said edge guide
means comprise annular flanges mounted for rotational
~movement independent. of the rotational and pivotal
movement of said second rotatable member.

7. The invention of claim § wherein said third web
support i1s a castered and gimballed cylindrical roller
mounted for tracking the web.

8. The invention of claim 7 wherein said thlrd web
support is gimballed about an axis substantially perpen-
dicular to and intersecting said third roller at its mid-
point and extending in a plane substantially parallel to
the plane of the movmg web entering said thlrd web
support.

9. The invention of claim 8 wherein said third web
support comprises means for resiliently urging said
cylindrical roller into engagement with the moving web
to maintain the moving web under tension.

10. A passive web tracking apparatus including a

frame and web support means mounted on said frame

for imparting lateral stability to a flexible closed loop
web moving in a closed loop path, said web support
means comprising:

a first web support disposed at a first position adja-
cent to and within the periphery of the path for
“driving the moving web in the path and for angu-
larly constraining the lateral position of the movmg
web;

a second web support disposed at a second position
adjacent to and within the periphery of the path
upstream from the first position, for constraining at
the second position the lateral spatial position but
not the angular position of the moving web, thus
imparting to the moving web freedom to change
angular direction in response to changing down-
stream conditions, said second web support includ-
ing (1) a web-engaging surface which rotates in
supporting engagement with the web and which
presents substantially no resistance to lateral move-
ment of the moving web at the second position, and
(1) edge guide means mounted adjacent to said
surface mn a predetermined spatial relation to said
frame and having spaced opposed web engaging
portions a maximum fixed distance apart which
corresponds substantially to the width of the mov-
iIng web for engaging the edges of the moving web
at the second position; and -

a third web support positioned ddjacent to and within
the periphery of the path downstream from the first
position and upstream from the second position for

15

- 14
engaging the web without laterally constraining the
moving web, and for imparting to the moving web
freedom to change direction, said third web sup-
port including a web engaging cylinder mounted to
rotate gimbal and caster about mutually perpendic-
- ular axes.
11. The invention of claim 10 wherein, said web

support means further comprises a fourth web support

downstream of said third support and upstream of said
second support for engaging without laterally con-
straining such moving web, and for preventing such
moving web exiting from said fourth web support from
changing angular direction, so that such moving web
exiting from said first web support is free to change
angular direction once only before entering said second
web support.

12. Passive tracking apparatus in an office copier for
establishing a path of movement of an endless photo-
conductive web relative to a plurality of processing
stations located to act on the web, said apparatus com-

prising:

25
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a frame; and

a plurality of web engaging members consisting ex-
clusively of a first web support, a second web sup-
port, and other web engaging members, said web
engaging members maintaining substantially uni-
form tension in said web, and determining the spa-
tial lateral position and the angular lateral position
of said web relative to said frame throughout said
path of movement;

sald first web support being disposed at a first loca-

tion and rotatably engaging said web to determine
the lateral angular position of said web;

sald second web support being disposed at a second

location spaced along said path of movement from
the first location and rotatably engaging said web
to determine the lateral spatial position of said web
without constraining the lateral angular position of
sald web; and

sald other web engaging members engaging said web

without constraining the lateral angular or spatial
position of said web.

13. Passive web tracking apparatus as claimed in
claim 12, wherein said first web support drives said web
in said path of movement. |

14. Passive tracking apparatus in an office copier for
establishing a path of movement of an endless photo-
conductive web relative to a plurality of processing
stations, said apparatus comprising:

—a frame;

first, second and third web engaging members for
maintaining substantially uniform tension in said
~web, and determining the lateral spatial position
and the lateral angular position of said web relative
to said frame, throughout said path of movement;
said first web support being disposed at a first loca-
tion and rotatably engaging said web to determine

the angular lateral position of said web;

sald second web support being disposed at a second

- location spaced from the first location along the

path of movement and rotatably engaging said web
to determine the lateral spatial position of said web
without constraining the angular lateral position of
“said web; and
said third web engaging member engaging said web
- to tension said web without constraining the lateral

‘angular or spatial position of said web.
* ® ¥ ¥ *®
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